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Biographical Memoirs
Sir Aubrey Strahan). This was a particularly happy assignment since the region is one of special interest and importance with formations ranging in age from Pre-Cambrian to Carboniferous, closely folded and faulted, together with Glacial and Post-Glacial deposits, and thus providing very varied stratigraphical and structural problems. Furthermore, he joined a team of distinguished geologists, T. C. Cantrill, E. E. L. Dixon and H. H. Thomas, which under Strahan completed in 1909 the mapping on the 6-inch scale of an area of nearly 300 square miles, with, especially in the west, magnificent coast sections. This work was published by the Survey as the 1-inch geological maps of the country around Haverfordwest and around Milford. These two maps, solid and drift editions, with their explanatory memoirs are fundamental contributions to knowledge of the Palaeozoic rocks of South-West Wales and in a wider setting of the Palaeozoic rocks of Great Britain.
It is clear that these years on the Geological Survey were a most important phase in Jones's career and he constantly recalled them during the rest of his life. They gave him experience of the high standards of field mapping developed by the Survey following its foundation in 1835, for which he had the greatest regard, in a region which called for skill and pertinacity in unravelling its geological history; and these were the methods which he used in a long and distinguished career as a field geologist. Further, he enjoyed scientific discussions with his colleagues and their personal friend ship both in the field and in the London Office of the Survey, then in Jermyn Street, and often expressed his indebtedness to them; he paid tribute, for example, to E. E. L. Dixon in connexion with the examination and interpretation of stratigraphical contacts in the field, which was a characteristic feature of his own field work.
Jones continued to work in South-West Wales for many years after he left the Geological Survey in 1910, both within and outside the areas with which he had been concerned as a Survey officer. He described the Ordo vician rocks of Llanvirn and Abereiddy, and the Pre-Cambrian axis of Newgale and Brawdy; with H. H. Thomas, the Pre-Cambrian and Cambrian rocks of Brawdy, Hayscastle and Brimaston; with A. H. Cox, various areas in Pembrokeshire; much of this work is summarized and discussed in a general account of the St David's district, published in 1930 in collaboration with A. H. Cox, J. F. N. Green & J. Pringle; and 30 years later he wrote on the Devonian-Carboniferous boundary and the Broad Haven monocline in Pembrokeshire. Further, Pembrokeshire is a very important area for the study of the Lower Palaeozoic rocks and Jones in his papers on these rocks found elsewhere, and on the problems of their classification and correlation, constantly used the knowledge and experience gained in South-West Wales. He also participated in and led many field excursions to Pembrokeshire, in particular, for example, for his students with Tenby, Haverfordwest and St David's as centres. He married a Pembrokeshire lady; they and their family had a holiday home at Little Haven on St Brides Bay; many will remember their hospitality and his demonstrations of Coal Measures stratigraphy and structures in the cliff sections of that locality.
Jones had a long sustained interest in the Lower Palaeozoic rocks and became internationally famous for his work on them. There is no evidence, so far as I know, that he studied geology whilst a student at Aberystwyth, but he was a country boy brought up in South Cardiganshire, and as one knows from personal experience of him, a keen observer of everything in the countryside and with a highly developed scientific curiosity; it seems likely even at this stage that he would be interested in the mountains and valleys of Central Wales. It is clear that he began the systematic study of geology at Cambridge under Professor J. E. Marr, an authority on the Lower Palaeozoic rocks and in particular the Silurian; the Cambridge School of Geology had long been known for its work on the Lower Palaeozoics; this doubtless explains his interest in these rocks which were classified into Cambrian, Ordovician and Silurian in Wales by great pioneers at the beginning of the nineteenth century.
His interest was certainly stimulated and strengthened by his work on these rocks on classical ground in Pembrokeshire but it is significant that in 1903, the year in which he joined the Geological Survey, he began to investigate in his spare time the Ordovician and Silurian rocks of the Plynlimon district in Central Wales, using the small village of Pont Erwyd about 12 miles from Aberystwyth as his base. Travel between say Haver fordwest and Pont Erwyd sixty years ago cannot have been easy and was certainly slow; and there was the great change from the low-lying plain of Pembrokeshire a few hundred feet above sea-level to the high plateau of Central Wales with Plynlimon rising to 2468 ft above its general level; but the work was completed and published before he left the Geological Survey in 1910. The choice of the Plynlimon district was remarkably fortunate; it contained the key to the stratigraphy and structure of many hundreds of square miles of Central Wales.
At this time, the only geological map of the Plynlimon district was that published many years earlier by the Geological Survey; the rocks were referred to the 'Lower Silurian', were not subdivided but the presence of grits was indicated in certain places. The most recent account of the Plynlimon country, but without a map, was contained in a general paper on the geology of Central Wales published in 1881 by Walter Keeping, who had been a member of the staff of the College at Aberystwyth for a short time; but farther east, Herbert Lapworth had described the lower Silurian rocks at Rhayader in 1900 and farther north, E. M. R. Wood had described the Tarannon (Upper Llandovery) rocks of Tarannon in 1906. Keeping had mis-read the stratigraphical succession but he was dealing with a region in which there was much folding and faulting, and those were early days in the use of graptolites for establishing the succession; it is of interest, however, that on the basis of graptolites submitted for identification, Charles Lapworth gave the correct general succession but this was not accepted by Keeping.
Jones brought to the Plynlimon district the same techniques, which he and his colleagues on the Geological Survey were using in Pembrokeshire. He studied the well preserved graptolites with great care, combined the lithological and palaeontological evidence, and established the true stratigraphical succession in these rather difficult and often monotonous sedi mentary rocks, ranging in age from the Upper Bala of the Ordovician to the Upper Llandovery of the Silurian, a total thickness of between 7000 and 8000 ft; the boundary between Ordovician and Silurian was defined; and the Rheidol Gorge downstream from Pont Erwyd became a standard section for the lower part of the Llandovery rocks. The detailed succession having been established, an area of about 40 square miles was mapped and so was revealed the correct geological structure, a major anticlinal with Upper Bala rocks in its core surrounded by Llandovery rocks but with much minor folding and faulting. Jones published a short note on the Plyn limon district in 1906 and a full account was given in his classic paper of 1909 for which he was awarded the D.Sc. degree of the University of Wales.
Jones had now considerable experience of the Lower Palaeozoic rocks of South-West Wales and Central Wales, in particular of the shelly facies of the Llandovery at Haverfordwest and of the graptolite facies of these rocks at Plynlimon, two very different facies which presented many problems of classification and correlation; and on this intimate knowledge was based much of his later work on the Lower Palaeozoic rocks. It was therefore particularly appropriate that in 1910 he should have joined the staff of the College at Aberystwyth as its first Professor of Geology, the subject having previously been combined I understand with botany and zoology.
I entered Aberystwyth as a student in 1910 and at once attended his lectures. I remember him quite clearly as a tall, fair haired, young man; he was 32 but seemed much younger; unconventional but strict; his lectures and demonstrations gripped us all; we quickly realized that we were listening to a master of his subject. He was alone for a year or two; he lectured on all the main branches of geology with equal facility and distinction; he demon strated in the laboratory and being readily accessible, we knew him very well. Shortly before the first World War, Stanley Smith, who worked on Carboni ferous corals, joined him, took over much of the teaching of palaeontology, and remained the only member of his staff. O.T., as he was called amongst his students, had remarkable energy; he often lectured at seven in the morning in the summer terms; and one had to be fit to keep up with him on field excursions.
On arrival in Aberystwyth, he began a systematic geological survey, solid and drift, on the 6-inch scale of the Aberystwyth 1-inch sheet with the assistance of his students; I joined him and remained with him until the war. The arrangement was to leave Aberystwyth at the end of June so far as I remember by horse-drawn transport carrying camping equipment and a hut, which served as kitchen, dining room and office, and to return to Aberystwyth towards the end of September; the camp in 1912 was at about 1400 ft and it was one of the wettest summers remembered in that part of Central Wales.
Jones was able to publish in 1912 his paper on the geological structure of Central Wales and adjacent regions, covering about 1800 square miles, and represented on pre-existing maps by 'Lower Silurian' colour, only diversified by small areas indicating igneous rocks and areas of yellow dots indicating grits. His geological map showed the distribution of the main stratigraphical formations and the main structures, namely, the anticlinal axes following in part the valleys of the Towy and the Teifi; and the inter vening synclinal, the Central Wales Syncline, occupying the position of the watershed between those two rivers; but he realized full well how much remained to be done in the region on stratigraphy, structure and topography.
Shortly before the first World War, O.T. was near the northern margin of the Aberystwyth 1-inch sheet and I went on to map the ground farther north. We described the geology of this district, covering about 25 square miles, around Machynlleth and the Llyfnant Valley, where the succession and structure present interesting features. The detailed succession in the Llandovery, based on the graptolite faunas, was compared with that away to the south in the Plynlimon district, and also with the Lake District and Southern Scotland. The area is closely folded; some of the folds are overfolded with thrust faults, whilst the transverse Llyfnant Fault with clearly recognizable homologous structures on each side of it is a fine example of a tear fault, where the lateral and vertical displacement can be determined with considerable accuracy.
Jones was engaged during the war upon an investigation of the metalli ferous mining district of North Cardiganshire and West Montgomeryshire. It involved a considerable amount of geological mapping on the 6-inch scale, the examination of mining areas above and where possible below ground, and the study of a very large number of mining plans. This work was published in 1922 by the Geological Survey as one of its Special Reports on the Mineral Resources of Great Britain and it is still the authoritative publication on this lead and zinc mining region. It deals with the geological structure, the faults and lodes, descriptions of the mines and their output, the age and origin of the ores, the influence of the country rock upon the lodes and the minerals in them, as well as the history of the industry which in its day was one of the most important sources of lead and zinc in Britain.
In 1919, Jones succeeded Sir Thomas Holland in the Chair of Geology at Manchester University and doubtless in the early years with a com paratively small staff carried a heavy burden of teaching because of the influx of ex-Service students after the war, but at the same time he was completing researches commenced at Aberystwyth, as for example, that on the metalliferous mining district in Central Wales.
He continued his researches on the Lower Palaeozoic rocks and in 1921 published a paper on the Valentian Series, the name applied by Charles Lapworth to the graptolitic rocks which are found between the Ordovician and the base of the Wenlock in the Southern Uplands of Scotland. This was a review of current knowledge of the graptolitic, shelly, and mixed facies of the Valentian; and it was valuable because the author, intimately acquainted with their varied characters, set out his views on the classi fication and correlation of these rocks, which had been described by workers in many different areas in Great Britain.
There followed in 1925 a paper of major importance in Lower Palaeozoic stratigraphy, namely, on the Llandovery rocks in the classic area of Llandovery in South Wales. These rocks had been previously divided on the basis of their shelly faunas into Lower and Upper Llandovery, but Jones demon strated by a careful study of the fossils and detailed mapping, that the Llandovery Series, nearly 5000 ft thick, consists of three stages, Lower, Middle and Upper Llandovery, having unconformable relations one to the other, and that the series is overlain uncomformably by Wenlock rocks. Each of these stages is characterized by a distinctive shelly fauna and in fact may be further subdivided on the basis of their fossils. The discovery in some localities of graptolites in a predominantly shelly succession made it possible to determine the position of the shelly faunas with reference to the graptolite zones of Wales and elsewhere, the three stages at Llandovery corresponding broadly to the Lower Birkhill, Middle Birkhill, and Upper Birkhill together with the Gala, and in particular the significance was stressed of the correlation of the lowest beds of the Upper Llandovery with the lowest beds of the Upper Birkhill on the graptolitic time scale.
At the same time, one of Jones's students, G. Andrew, was working on the Llandovery rocks of the Garth district, some 15 miles north-east of Llandovery, where a similar succession in the shelly facies was described, thus proving the extension into the Garth area of the previously unrecog nized Middle Llandovery stage. This work was published in 1925 and in the same year, Andrew and Jones discussed the relations of the Llandovery rocks of Llandovery and Garth, and showed that whilst differential move ments were in progress during the Llandovery along lines roughly parallel to the present strike of the rocks, there were in the same period other move ments along axes transverse to that strike, thereby adding to knowledge of the physical conditions which prevailed along the south-eastern flank of the Towy Anticline in Llandovery times.
During the examination of the fossils collected by officers of the Geological Survey from the Llandovery rocks of Pembrokeshire, species of brachiopods, which were at that time referred to the genus Plectambonites were found to constitute an important part of the fauna. It became apparent that forms which occurred at different horizons were readily distinguishable, so that it was possible to use certain of them in identifying various subdivisions of the Llandovery series. Later, Jones found that the rocks in the type area at Llandovery in Carmarthenshire contained many of the characteristic brachiopods of the Pembrokeshire districts. Eventually, he studied the brachiopods from other areas in Great Britain and from rocks older and younger than Llandovery. There followed a monograph on Plectambonites and some allied genera, which was published in 1928 by the Geological Survey. It contained a systematic description of these fossils, in particular their external characters, thus enabling the recognition of many different species, which are valuable in the classification of the rocks containing them ; and this stimulated further work on Lower Palaeozoic brachiopods.
Jones had a life-long interest in geomorphology; this was manifest in his lectures to undergraduate students in Aberystwyth before the first World W ar and in his early publications, where he was primarily concerned with stratigraphy and structure; he talked and thought much about, for example, drainage patterns, longitudinal and transverse sections of valleys, the effects of glaciation, and ancient erosion surfaces such as the high plateau of Wales. He published in 1924 a paper on the Upper Towy drainage system, which is a significant publication in geomorphology, introducing as it did more precise methods of investigation. This is a detailed study of the longi tudinal profiles of the River Towy and its tributaries. He appreciated that the construction of such profiles from topographical maps was not sufficiently accurate and in any event much of the ground, which he studied is above the 1000-ft contour line where contours were only shown at 250-ft intervals. The profiles were therefore made by accurate levelling and then subjected to mathematical analysis. The study revealed that the uppermost portions of most of the valleys still retain considerable traces of the form, which they attained during the late stages of a period when sea-level was nearly 600 ft higher than at present; this was followed by a lowering of base-level due to general uplift of the region and at this stage base-level or sea-level was about 400 ft above present sea-level; there then followed adjustment to the present sea-level.
In 1928, Jones gave five public lectures at the University College of Wales, Aberystwyth, on the physical features of Wales, discussing in detail their characters and origins. These lectures were reported briefly in the local press but were not published presumably because many of the topics with which he dealt required further investigation; as will be seen later, he subsequently published several papers on the geomorphology of Wales. It may be mentioned here that as President of Section C (Geology) of the British Association at Bristol in 1930 he discussed some episodes in the geological history of the Bristol Channel region dealing in particular with Triassic planation, the Mesozoic cover, and the Miocene movements.
Jones contributed many papers to scientific societies in Manchester. He wrote on the origin of the Manchester Plain for the Geographical Society in which he reviewed the sequence of events, which occurred in the M an chester district as recorded by the deposits and physical features of the Mersey valley. He concluded that early in post-glacial times a great plain of gravel and sand was deposited in the Mersey and Irwell valleys, which near their confluence must have been several miles wide. Subsequently this plain was excavated by the Mersey and Irwell but extensive areas of it were left standing on each side of the valleys forming a terrace which is usually about 25 ft above the present alluvial plain; and in a later paper with J . W. Jackson he discussed the significance of facetted pebbles which are found on this terrace.
He published a paper in the Manchester Geological and Mining Society on the lead and zinc ores in the slaty rocks of Britain based mainly on the Special Reports on the Mineral Resources of Great , of which a number had recently been published by the Geological Survey, and to which, as already mentioned, he had contributed in respect of Central Wales; and in the same year, 1924, as President of the Society, he gave an address on fossil zones in the Carboniferous rocks, an appropriate topic in Manchester, and concerning which he had had a good deal of experience, particularly as a Survey officer in South Wales. Some years later with E. L. Davies, he published a paper in the Society on pillar and stall working under a sandstone roof, based on observations made upon the Graigola Seam, extensively worked north of Swansea in the South Wales Coalfield; it is a study of the behaviour of the strata consequent upon the extraction of coal. The seam, floor, roof and method of working are described; this is followed by an account of the underground effects including those due to heavy extraction, and also the effects at the surface.
The Manchester Geological Society was founded in 1838 and in 1903 became the Manchester Geological and Mining Society; following its incorporation a year later with the Federated Institute of Mining Engineers, most of the papers contributed to the Society were on mining and mining engineering. During Jones's presidency of the Society consideration was given to forming a geological section, but eventually, mainly owing to his efforts, it was decided to form an independent society to be called the Manchester Geological Association. The Association founded in 1925 has continued its meetings and field excursions, but since 1951 its publications have been combined with those of the Liverpool Geological Society as the Liverpool and Manchester Geological Journal. It was appropriate that Jones should have been the first President of the Manchester Geological Association and he chose for his Presidential Address the foundations of the Pennines; with his wide knowledge of the pre-Carboniferous rocks, he concluded that the Carboniferous strata of the Pennines are probably underlain by PreCambrian rocks. He continued to contribute to the , as for example, in his paper on the use of graptolites in geological mapping published in 1954.
In 1930, Jones was elected Woodwardian Professor of Geology in Cam bridge succeeding his old Professor, J. E. M arr; this was a particularly appropriate appointment since the Cambridge School of Geology had been famous for its work on the Lower Palaeozoic rocks since the days of the great
The Lower Palaeozoic rocks continued to be a major field of research for him. O.T. and I collaborated in a general account of the geology of the districts around Machynlleth and Aberystwyth, covering ground which he had mapped before and during the first World W ar and which I had mapped before and after that war, on the 6-inch scale. The region covered some 600 square miles extending from the Plynlimon district in the south to near Bala in the north, and inland some 25 miles from the coast of Cardigan Bay. The paper, with its geological map, prepared for the Summer Field Meeting of the Geologists' Association to the Aberystwyth district in 1935, deals with the physical features, stratigraphy and structure of parts of Central and North Wales. We described the stratigraphical succession from the base of the Bala series of the Ordovician to the top of the Llandovery series of the Silurian, a maximum thickness of over 10 000 ft; and we dis cussed the lateral variations in these rocks as well as their correlation with other areas in Wales. We gave an account of the geological structure, paying special attention to the major folds and faults. We also gave a general account of the glaciation, which presents many features of interest, for example, the effects of ice radiating from Cader Idris and the Arans and that radiating from the high plateau of the Plynlimon area as indicated by glacial striae, erratics and overflow channels. There followed a discussion of the history of some of the river systems, for example, the Dyfi, Rheidol and Ystwyth, and we referred to the last geological movement of subsidence revealed by the depth of the rock floor below ordnance datum in the Dyfi estuary.
It was at this time that Jones became interested in the concept of sub aqueous sliding or slumping of sediments during deposition to explain certain disturbed layers of varying thickness, which may be found inter calated in a series of normally bedded sedimentary rocks; this interest stemmed in part from occurrences which he had seen in North America as well as in this country. P. G. H. Boswell had worked for many years in north-western Denbighshire and had published a series of stratigraphical papers, particularly on the Ludlow rocks paying special attention to the graptolite faunas; in these rocks he described highly disturbed layers which he regarded as of tectonic origin.
Jones, convinced that these disturbed rocks were due to submarine sliding and slumping, began an investigation of them and mapped areas where they occur in Denbighshire, publishing his first paper in 1937. He described in detail the structures found in the disturbed beds and the contrast between them and the normally bedded sediments. He paid special attention to the nature of the contacts between disturbed and normal sediments, in particular showing that the upper contact of the disturbed layer with the overlying normal rocks is depositional, indicating that the Biographical Memoirs sliding or slumping was followed by the deposition of normal sediments, the basal layer of which often shows graded bedding, being sediment which gradually settled out of the muddy waters produced by the slumping. He showed their value in geological mapping because of their distinctive physical characters and the characteristic topographical features so often produced by them. He also demonstrated that they are sheet-like in form, that is, lenticular masses of varying thickness of limited or wide lateral extent and either parallel or approximately parallel to the principal planes of stratification; this is particularly well shown in a later paper published in 1939 on the Colwyn Bay district of North Wales where individual slump beds were mapped in great detail. Such disturbed beds may also give evidence, if the direction of sliding can be ascertained, of the original slope of the sea floor, but it is often difficult to determine the direction of movement and it is known that sub-aqueous sliding may take place on a very gentle gradient. Jones suggested that the direction of movement in Denbighshire was in general to the south and south-east, which perhaps might be expected since the Ludlow sediments as a whole in that region appear to have been derived from the north and north-west. Disturbed beds of the kind found in North Wales have since been described elsewhere and have been explained by the sliding and slumping of sediments during deposition; and in this context, Jones often stressed the criteria which distinguish structures due to slumping from those due to tectonics.
Jones was President of the Geological Society of London from 1936 to 1938; his first Presidential Address will be discussed later; his second in 1938 on the evolution of a geosyncline, summarized his views on the condi tions of deposition of the Lower Palaeozoic rocks after some 35 years' study of them in various parts of Great Britain. He gave a general account of the sedimentary facies and then discussed the three systems, Cambrian, Ordovician, and Silurian in the five main regions where they are found, namely, Wales and the Welsh Borders, the Southern Uplands of Scotland, the Lake District, Ireland, and the North-West Highlands of Scotland. He came to the. conclusion that the Lower Palaeozoic rocks were deposited in at least three basins, which were forming simultaneously, that is, the Welsh geosyncline which was continued into the Lake District, the Moffat geosyncline of the Southern Uplands, and the Durness geosyncline of the North-West Highlands with a possible extension into the Girvan district on the border of the Southern Uplands, whereas previously it had been generally understood that the rocks of all these areas except the North-West Highlands were laid down in one geosyncline having its borders roughly defined for a great part of the period by the southern border of the Southern Highlands on the one side and the neighbourhood of the Welsh Borders on the other. He considered that there was evidence at many periods of a land-mass on the site of the Irish Channel and that it separated more or less completely the Welsh geosyncline from the extension into Ireland of the Moffat geosyncline. This address stimulated renewed interest in the conditions of deposition of the Lower Palaeozoic rocks, is constantly referred to in literature, and has formed a basis for continued research on these rocks as well as in the general study of geosynclines.
It had been arranged that the X V III Session of the International Geo logical Congress should be held in London in 1940 with excursions to various parts of Great Britain, of which one would be to Central and South-West Wales, and preparations for this excursion commenced early in 1939; the Congress was eventually postponed because of the war and was held in 1948. O.T. and I went to Builth Wells in the eastern part of Central Wales with a view to including in the excursion a visit to the splendid section in Ordovician volcanic rocks displayed in the range of large quarries at Llanelwedd, near Builth, which we had seen but upon which we had not worked. The section presented many features of interest which we did not understand; we returned with 6-inch maps to undertake further investigation but found that maps on that scale were not adequate for our purpose; and so we began to map on the 25-inch scale; eventually, after many years, we mapped the whole of the Builth-Llandrindod Ordovician inlier, about 25 square miles, on that scale.
We published in 1941 a preliminary account of the Ordovician rocks in the southern part of the inlier near Builth giving the stratigraphical succession in the volcanic and sedimentary rocks since a detailed account might be delayed because of war-time conditions and the large scale upon which the survey was being made. We were engaged for several years in tracing the remarkable lateral changes in these rocks along the western flank of the inlier, but in completing the mapping of the south-western corner of the inlier, we found a complex dolerite intrusion at Welfield, north-west of Builth, which we described in 1946; there within a comparitively small area, some fifty dolerite masses have been intruded into Llandeilo shales forming a prominent ridge. An analysis of the relations between the dolerites and the associated strata led to the conclusion that the ridge is occupied by a core of dolerite having the habit of an elongated laccolith. The inferred main body is accompanied by many lenticles of dolerite on the flanks of the structure and also sheets which appear to branch from dyke feeders near the crest of the laccolith. The height of the laccolith was inferred to have been about 500 ft and its width about 1500 ft, and was probably intruded under a cover of sedimentary rocks at least 4500 ft thick.
We subsequently described in 1948 an even more remarkable complex intrusion in the north-western part of the inlier near Llandrindod Wells. The area occupied by dolerites had previously been shown as a single intrusion of roughly triangular form, two miles long and three-quarters of a mile wide, trending in the direction of the general strike of the country rocks. Detailed mapping showed that the area included no less than 315 dolerite masses each surrounded by black shales of Llandeilo age. The form of the envelope line drawn so as to surround the area containing dolerites suggested comparison with a laccolith but the envelope contains only 25 per cent of dolerite, the rest being shale. We applied the name laccolith to this complex intrusion because of the many forms transitional between it and the ideal laccolith. Furthermore, quarries revealed several plug-like masses of dolerite at right angles to the bedding in the shales above which larger concordant masses of dolerite had been removed by quarrying; these small masses served as feeders to the overlying dolerites. Small masses of oval or circular outline occur among larger ovoid masses and these, of which there are about 100, are believed to be feeders.
We had now completed the mapping of the many hundreds of dolerite masses in the Builth-Llandrindod inlier and in 1948 we described their form and distribution. It was shown that the dolerites tend to occur on nearly constant stratigraphical levels in the Ordovician succession, the largest and most continuous bodies occurring at the lowest level and at each succes sive level upwards the dolerite masses became more and more divided, culminating in the remarkable set of intrusions just referred to at Llan drindod. Through the lower and middle part of the succession, the masses appear to be concordant and their feeders are unknown but in the higher part many of the masses are very small and grouped in clusters, suggesting comparison with the plug-like feeders of the Llandrindod laccolith; and these small masses are associated with larger oval masses of concordant habit. We also described the mechanism of intrusion, the probable tempera ture of the magma, and the effect of depth upon the form and distribution of the dolerite masses. The following year, we published a general paper in which we suggested that the Llandrindod and Welfield intrusions formed part of a laccolithic series in which there are transitional types between them and the ideal laccolith, individual examples being distinguished by their internal structure and the relative amounts of igneous and sedimentary rocks within them.
We described in 1949 the Ordovician sedimentary and volcanic rocks in the western part of the Builth-Llandrindod inlier, where they are exten sively faulted and where in addition the outcrops are displaced by powerful tear faults; but we were mainly concerned with the phenomena associated with the unconformity between two members of the succession, the Newmead Series and the underlying Builth Volcanic Series. The Newmead Series consists mainly of felspar sands with many impersistent boulder beds; they are beach deposits. They overstep different divisions of the Builth Volcanic Series and the contact between the two series reveals the character istic features of a shore-line with wave-worn surfaces, sea-cliffs, screes, and stacks as well as the beach deposits of the Newmead Series. It is possible to reconstruct in detail the features of the area exposed to sub-aerial and marine erosion, which was subsequently buried beneath the Newmead sediments; it consisted of horizontal layers of spilitic rocks making trap topography and in one locality was overlooked by rounded hills of keratophyre. It is also possible to interpret the general sequence of events, in particular of elevation, erosion, and depression, and to show that all these events took place within a relatively restricted part of the time interval represented by the uppermost graptolite zone of the Llanvirn. The preservation of these ancient Ordovician physiographical features is remarkable; they can be recognized today because the rocks are almost completely exposed and because of the relation of the surface of the ground to the present structural arrangement of the rocks; in one area, if the surface of the ground were 70 or 80 ft lower or 20 or 30 ft higher, it would not be possible to determine the relations of the critical rock groups.
Jones retired from his Chair at the age of 65 in 1943 and freed from many commitments in Cambridge was able to give still more time to geological field work. He described in 1947 the Silurian rocks west and south of the Builth-Llandrindod inlier, the succession ranging from Upper Llandovery to Lower Ludlow. The Upper Llandovery exhibits two facies; in the east calcareous, shelly sandstones and in the west graptolitic shales and mudstones. A full succession of graptolite zones was proved in the Wenlock and the Lower Ludlow also consists of graptolitic shales. He gave a detailed account of the slumped mudstones which occur in the upper part of the Wenlock and in the Lower Ludlow; and showed that the area consists of a shallow syncline traversed by powerful strike faults. There followed in 1949 a further paper on the Llandovery district, the southern part of which he had described in 1925. The three divisions, Lower, Middle and Upper Llandovery were once more recognized in this northern area but were shown to vary greatly in thickness; again graptolitic intercalations assisted correlation with the graptolitic facies; and the mapping revealed the details of structure.
Jones in his William Smith Lecture to the Geological Society of London (1955) discussed the geological evolution of Wales and adjacent regions. The thicknesses of the Lower Palaeozoic rocks are represented by isopachytes and summation isopachytes are constructed for the Cambrian, Ordovician, and Silurian systems as well as for the Lower Palaeozoic; these show that in the centre of the geosyncline, the rocks may have been nearly 40 000 ft thick; and an estimate is made of the average rate of accumulation of the sediments for each system. The earth movements preceding the deposition of the Old Red Sandstone and those which occured after the deposition of the Lower Old Red Sandstone are discussed and it is suggested that Old Red Sandstone rocks may have attained a thickness of many thousands of feet in Wales and England in places where they no longer occur. There follows a discussion of the Carboniferous rocks with the suggestion that the total thickness of Upper Palaeozoic rocks may have been well over 20 000 ft in South Wales. The effects of the earlier earth movements and those which followed the Carboniferous are discussed and illustrated by generalized sections. The lecture ends with an account of the probable history of the region in Mesozoic and Cainozoic times.
Jones maintained his interest in geomorphology and especially the history of drainage systems. In 1942, he described the buried channel of the Tawe, near Ynystawe, some six miles upstream from its mouth at Swansea. Several boreholes had been put down across a part of the valley, one of which revealed the depth of the rock floor below ordnance datum. From the study of the deposits, and of the geology and topography, it was considered that the channel of the river was excavated in glacial or more probably pre glacial times and later aggraded by sediments, gravel, sand and mud, laid down possibly in a narrow lake. Some years later in 1951, he gave a Presi dential Address to the Geological Society of London on the drainage system of Wales and adjacent region. From the summit levels on the 1-inch topo graphical map, their means and standard deviations were calculated for each 10 kilometre square of the National Grid. From these, the main physio graphic elements can be recognized, such as the mountain area, the high plateau, and two major surfaces at lower levels. He summarized previous theories of the origin of the drainage systems and with some modifications followed Strahan. Briefly, the drainage system is considered to have developed from a radial system of consequent streams, which were incised into Cretaceous formations, now removed by erosion, following uplift of a dome south of Snowdonia, and which was later modified by erosion, stream capture and other processes. His last paper in the Journal of the Geological Society of London in 1965 was a detailed account of the glacial and post-glacial history of the lower Teifi valley in South Cardiganshire with particular reference to the narrow gorges which in certain places are a characteristic feature. It is considered that these rocky gorges were formed towards the end of the Glacial period where the river abandoned its former meandering pre-glacial course; they are short cuts and were eroded by a river flow greatly exceeding that of the present river owing to melt-water from adjacent ice-sheets.
Jones began his academic career as a physicist; he often stressed the value of his early training in physics and he was always interested in the appli cation of physical methods to geological problems. He was invited by the Institution of Civil Engineers to give the James Forrest Lecture in 1935 on geophysics. The lecture is a general review of the scope and development of geophysics, pure and applied; he discussed the density of the earth, the significance of gravity determinations, earthquake studies, the age of the earth, and methods used in the investigation of subsurface geology.
There followed in 1937 his first Presidential Address to the Geological Society of London on the exploration of the earth's crust. The early part of this address is concerned mainly with the relief of the earth's surface especially beneath the seas and oceans. He described methods currently being used to investigate the form of the ocean floor and the deposits on it, such as echo-sounding, the fixing of position at sea, and the collection of bottom samples. He called attention to the detailed information which they gave, for example, about submarine canyons and other submarine features; briefly this part of the address deals with marine geology. He then discussed with many examples the methods of investigating subsurface geology using in particular gravitational and seismic methods. Finally, he hoped that geologists would take a more active interest in geophysics, 'which might be destined in the next few years to revolutionize geological thought and speculation'; and this was written almost exactly 30 years ago. He maintained his interest in geophysical research, co-operated closely with workers in that field, and often used their results in his own investigations.
Jones following his studies of the sliding and slumping of sediments during deposition was interested in the consolidation of muddy sediments and, in 1939, he published a short paper on that subject. He considered that in most of the thick developments of the Lower Palaeozoic rocks bottom currents were frequently in operation during their formation and that under these conditions much of the water originally in the muds escaped during their accumulation. Further, so long as material was not deposited from solution in the pore spaces, the consolidated muddy rock would possess a high degree of plasticity and these rocks could take on and retain the structures, which they acquired in the process of sliding on the sea floor. A. W. Skempton published a paper in 1944 on the compressibility of clays in which he described the procedures in obtaining laboratory and sedimentation compression curves for clays and gave comparative results. Jones in the same year on the compaction of muddy sediments indicated some of the geological consequences of such compaction under the pressures, which are set up in the course of deposition and supplemented observations recorded by Skempton.
F. M. Trotter published in 1949 a paper in which he considered that the devolatilization of coal seams in the South Wales Coalfield can be correlated regionally with the occurrence of thrusts, thus explaining the loss of volatiles with depth as the effect of tectonic forces. A formula was given based on the proposition that the volatile content expressed as a percentage of the original volatile of a true coal seam varies with the square of the distance of the seam from the plane of shear or stress. Jones in the same year discussed the volatile contents of coal seams in South Wales and considered that the data were best represented by Hilt's law, meaning that there is a decrease in volatile content with increasing depth in the coalfield. This was followed in 1951 by a more elaborate discussion of the distribution of coal volatiles in South Wales and their probable significance. Briefly, Jones considered that the intimate relation between volatile content and depth can be explained by the hypothesis that the changing conditions which obtained when the seam was buried to varying depths are responsible for the variation of volatile contents.
Jones was interested in archaeology; in his early years, he collaborated with T. C. Cantrill on the presence of prehistoric hearths or cooking places in South Wales; they described a typical hearth and in two papers recorded nearly 300 of them; observations made by him were mentioned in other papers by Cantrill and in one by R. Thomas on a prehistoric flint factory at Aberystwyth. He wrote an informative paper on the origin of Welsh legends in 1921. He considered that some of the legends might have a geological foundation; for example, that of the overwhelming of Cantref y Gwaelod, a large tract of fertile land now submerged beneath Cardigan Bay. He thought it was practically certain that a large part of what is now Cardigan Bay was occupied by glacial deposits after the Ice Age; in places, the pre-glacial cliffs are still separated from the sea by coastal tracts of glacial deposits. There followed a general sinking of the land represented by submerged forests, probably in Neolithic times; and the record of these events may have been preserved by oral tradition. His last publication in 1966, incidentally in Welsh and translated for me by D. A. Bassett, was on the grey or blue stones of Carn Meini in Pembrokeshire. He recorded how H. H. Thomas, one of his colleagues on the Geological Survey, had demon strated that such stones and others from Pembrokeshire had been used in the construction of Stonehenge and discussed some of the problems of their transportation. He found in South Cardiganshire a large number of blue stones identical with those at Carn Meini, which had been transported from Pembrokeshire because of their convenient shape and size for use as gate-posts during the period of land enclosure. He suggested the possibility that the memory of the great feat of transportation of the very large stones to Stonehenge from Pembrokeshire may have persisted through the centuries and speculated on the possibility of a reference to this in one of the mediaeval Welsh stories.
Jones travelled abroad a good deal both in Europe and elsewhere. He attended the British Association meeting in Toronto in 1924 and visited the well-known section of Silurian rocks near Arisaig on the north-west coast of Nova Scotia, later publishing a paper on them. He visited the United States of America, a notable occasion being in 1928, when he was a guest of the Princeton Summer School of Geology, which was organized and conducted by Professor R. M. Field, who remained one of his close friends. There followed papers on the history of the Yellowstone Canyon in the Yellowstone National Park, which threw new light on the develop ment of the Yellowstone River. He attended the meeting of the International Geological Congress in Moscow in 1937 and visited Nova Zemblya; and as recently as 1964, he spent some months in Greece. He was a Correspondent of the Geological Society of America and of the Palaeontological Society of America; an Honorary Member of the Geological Society of Belgium; and he contributed papers to scientific societies in both countries.
Jones had a remarkably wide knowledge of geology as is revealed by the varied fields covered in his published papers, and he was deeply interested in other aspects of study such as geophysics, mining and civil engineering. His advice and guidance were sought in scientific and industrial problems; he introduced and contributed to many discussions in scientific societies; he advised on many practical problems related for example, to mining, strength of materials and water supply, and he was quick to appreciate the scientific value of information derived from such investigations.
He was a brilliant field geologist and throughout his life spent prolonged periods in the field; meticulous in his observations and ever striving to record them with greater accuracy; skilful in sketching geological and topographical features; little or nothing escaped him in the examination of rocks and fossils; the underground arrangement of the rocks was always in his mind as he recorded them at the surface; an extraordinary memory for every thing of geological interest which he had seen; a great delight in every aspect of the countryside; he was an ideal companion in the field. He was always accessible to other workers and pleased to discuss any matter with them; his comments were helpful and stimulating and often amusing; he could at times be impatient and controversial but this was due to his determined search for a solution to geological problems.
A graduate of and a professor in three universities, Wales, Manchester, and Cambridge and grateful to them for the facilities which they gave him, he did not appear to be greatly interested in their organization and administration; he was a teacher with a single-minded devotion to research, much of it in Wales; it was thus appropriate that the University of Wales conferred upon him the honorary degree of LL.D. He had a special affection for Cambridge where he was a student for three years, and Professor, Emeritus Professor and Fellow of Clare College for nearly 37 years. The 
